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@ A tissue plasminogen activator analogue. 

@ A tissue plasminogen activator (t-PA) analogue in substan- 
tially inactivated one-chain form capable of being converted to 
the active two-chain form is modified in the region from position 
414 to position 433. In particular, the t-PA analogue is one in 
which a positively charged amino acid residue in position 419 
and optionally also In position 420 has been replaced by a 
negatively charged or uncharged amino acid residue to inhibit 
interaction with the amino acid residue in position 480. 
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Description 

A TISSUE PLASMINOGEN ACTIVATOR ANALOGUE 

analogue. 

systemic fibrinogenolytic plasminogen act f , hejr uti|ity ag fibrinolytic agents, 
effects of streptokinase ac tion are of 

S, ^^e is the proenzyme form of urokinase,^ 

peptide bond. This molecule is essentially devoid of enzymatic ^^^^J^TZ^^ t0 active 
Native to urokinase itself. Presumably, this arises because the ^^f."^^ 0 have a 
urokinase occurs primarily on the clot. The mechanism is unclear, since P rou ;°^"f^^ t ^, ed 
low affinity for fibrin. An? mantfest ciinical benefit of ' he ™ ^ 

Tissue plasminogen activator (t-PA) is also a senne Pn*J»M*2 k" , ts affinity to fibrin, 

p.asminogen. This activator differs from streptokinase ^^J^^ J^JS^ actuation rate 
Furthermore, the presence of fibrin will cause an up to 1000-fold incr eas e jrv ms >P«» a a65i00 o 
indicating ^ formation of a ternary activation complex 
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Biochem. 132 , 1983, pp. 681-686) differing by the absence or presence of three additional residues. In the 
following, the longer of these sequences is referred to for the numbering of full-length t-PA (cf. Fig. 5A-D 
befow). 

Conversion of one-chain to two-chain t-PA is catalyzed by plasmin and consists in cleavage of a single 
peptide bond between the amino acids Arg(278) and lle(279). This cleavage occurs efficiently on the surface of 5 
fibrin where plasmin is present. Both forms of the molecule are enzymaticaily active, but the two-chain form 
has a somewhat higher specific activity. The factor of activation upon conversion to the two-chain form varies 
with the assay system. 

Due to the ability of fibrin to bind t-PA and to strongly stimulate activation of plasminogen by t-PA it was 
anticipated that the use of t-PA in thrombolytic treatment would eliminate the p/oblems arising from systemic 10 
activation of plasminogen. However, elaborate clinical trials have shown that the very high dosage needed to 
obtain significant thrombolysis often results in systemic side effects. These effects which are induced by 
administration of large amounts of t-PA are presumably associated with an appreciable activity of the 
one-chain form even in the absence of fibrin. It would accordingly be desirable to reduce this activity and at the 
same time preserve the full fibrinolytic potential of two-chain t-PA when activated on the clot. The purpose of 15 
the present invention is to provide a plasminogen activator characterized by substantially reduced systemic 
side effects and a predominantly local lysis effect on fibrin deposits. 

As mentioned above, t-PA belongs to the serine protease family. Generally these enzymes are synthesized 
and secreted by the cells as inactive one-chain zymogen forms. They become active enzymes only when 
subjected to limited proteolysis at a specific site. As exemplified by chymotrypsinogen activation, this occurs 20 
upon cleavage when the positively charged ct-amino group of lie (16) is released to interact with Asp(194) 
adjacent to Ser(195) of the active site. Such salt bridge interaction appears to be necessary for establishing a 
proper conformation of the active site for proteolytic activity. The activation of most serine proteases applies to 
this general scheme and the one-chain forms of most serine proteases are genuine proenzymes. t-PA, 
however, possessing significant activity in the one-chain form Is an exception to this rule. 25 

It has been suggested that the active conformation of one-chain t-PA could be established as a result of an 
alternative salt bridge involving a properly placed amino acid residue which could, provide the positively 
charged group even when the Arg(278)-lie(279) bond remains intact. Whether this interaction involves the 
e-amino group of Lys(280) as proposed by Wallen (Wallen, P., Pohl, G. f Bergsdorf, W., Rhanby, M„ NY, T., and 
Jornvall, H. (1983) Eur.J.Biochem 132. 681-686) or it involves still another residue remains to be seen. 30 

The present invention is based on the recognition that the activity of one-chain t-PA may result from a salt 
bridge interaction between the e-amino group of the lysine residue in position 419 and the JJ-carboxy group of 
the aspartic acid residue in position 480. The putative presence of a salt bridge between these lysine and 
aspartic acid residues, predicted on the basis of a computer-graphical model of the protease domain of the 
t-PA molecule, is tentatively suggested as the reason for the activity of one-chain t-PA (A. Heckel and K.M. 35 
Hasselbach, J. Computer-Aided Mol. Design 2, 1988, pp. 7-14). There is, however, no indication that the 
one-chain form of t-PA may be inactivated by preventing salt bridge formation at this site, while substantially 
retaining the activity of the two-chain form of t-PA. 

SUMMARY OF THE INVENTION 

—The present invention-relates to a tissue plasminogen activator-(t-PA)-analogue-in^ubstantiaily-inactivated 

one-chain form capable of being converted to the active two-chain form, which analogue is modified in the 
region from position 414 to position 419 or from position 419 to position 426 or from position 426 to position 
433. 

It is currently believed that a salt bridge may be formed between the aspartic acid residue in position 480 and 45 
an amino acid residue within a distance of about 8 A from Asp(480) in the three-dimensional structure of t-PA. 
This is the case with the amino acid residues from position 414 to position 433 in the t-PA molecule. 
Theoretically, therefore, each of these residues represent a possible site of salt bridge interaction with 
Asp(480). 

More specifically, however, the invention relates to a t-PA analogue in which the Interaction of a positively 50 
charged amino acid residue in position 419 and optionally also in position 420 with a negatively charged amino 
acid residue in position 480 Is inhibited. 

Thus, the present invention surprisingly provides a t-PA analogue which, in the one-chain form, exhibits the 
properties of a proenzyme (i.e. it is substantially inactive), whereas the activity of the two-chain form is fully 
retained on plasmin-catalysed cleavage of the one-chain t-PA analogue. Compared to authentic (native) t-PA, 55 
this results in a fibrinolytic agent with a higher fibrin selectivity as the fibrinogenolytic activity induced by the 
t-PA analogue of the invention is substantially reduced relative to that induced by native one-chain t-PA. 

In the present context, the term "substantially inactivated" is intended to Indicate that the t-PA analogue of 
the invention exhibits little or no catalytic activity in the one-chain form with respect to the amidolytic activity on 
simple synthetic substrates as well as the plasminogen activating activity. 60 

The amidolytic activity, i.e. the general catalytic activity, may for instance be measured by means of an assay 
involving the use of a chromogenic low molecular weight substrate such as D-IIe-Pro-Arg-pNA (S-2288) (Kabi, 
Stockholm, Sweden) which is cleaved directly by t-PA and therefore offers a convenient colorimetric 
determination of the amidolytic activity (Petersen et al., Biochim. Biophys. Acta 952 , 1988, pp. 245-254). 

The plasminogen activating activity may for instance be determined indirectly in an assay involving the use of 65 
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plasminogen and a endogenic substrate such as D-Val-Phe-Lys-pNA (S-2390) Kab., MM Sweden) 
E is cleaved by plasmin. In this assay, colour development fol lows an ; acce e rating P^» B 
ptsrnin accumulates The acceleration constant is directly proportional to the actmty of t-PA. As .Ma may 
C* the proteolytic activity of t-PA on the natural substrate plasminogen, it « more to 
fhe Znof^ic effect (Petersen at al.. opxit). In both types of assay, it is possible to mclude f.br.n so as to 
study its stimulating effect on the t-PA enzymatic activity. 

charged amino acid in position 419. This may be effected by deleftng Lys(419) from the native mo ^le^ 
S" deletion may P ossib.y iead to incorrect folding of the '^ r ^^j££*}^ 
inactlvation of the two-chain form of t-PA as well, it is currently preferred to replace Lys(419) o nat we t pa Dy a 
nega ively charged or uncharged amino acid residue. Examples of suitable amino acid residues are-Ser , Thr 
o!f VaT All Leu lie, Tyr, Asn Asp and Gin. Substitution by for instance Ser or Lys may poss.bly be preferred 
S ordS to avlw too bulky groujs in the molecule resulting in insufficient or incorrect folding 
The t-PA ZZlogue carrying a substitution in position 419 may further be modrfied in posrt.on^ 420 preferably 

Srferew^ththeS 

1 " P T A PA analogues according to the present invention may additionally comprise a "^S^St^ 
alwawprovlded that such a further modification has no negative effect on the *«»f™*£^ *™ 
aSgueo^einvention, especially v«th respect to its plasminogen actfca^ 
luchmodSonsare^ 

fact seance, de.etion «<?^2*™g 1 or Wg&*^*™2£i£ » 
^IZ^X^ to 9 a ^oS^which comprises a ONA se = 

encoding 

to position 426 or from position 426 to position 433. „„ =m „„ A1Q nf thB t-PA analoaue 

More preferably, a codon specifying a positively charged amino acid in posWon ™oUte "Aanabgua 
encoded by the DMA sequence has been replaced by another codon spec.fy.ng a ^negatively charged or 
uncharged ^"arSno acfd Optionalry. a codon specifying a positively charged ammo acid in P^ 0 " 4 ^^ 
t-PA analogue encoded by the DNA sequence has additionally been replaced by another codon speofymg a 

the t-PA analogue '^JPSSSS^- 
mB0^3 ? 3S?£^% iwo the phosphoamidite method oligonucleotides are 

eJSJZZa to the sitefs) at which It is desired to introduce amino acid substitutions, e.g. by s.te-d rected 
m^3es1r 9 us^ ^coding the desired amino acid sequence for homologous 

recombination in accordance with well-known procedures. 
FinaJtv the DNA construct may be of mixed synthetic and genomic, mixed synthe ic and cDNA o ^m.xed 

modifications of t-PA such as one of the modifications mentioned above. The modrficat.on may also be< Dne 

sequencf encoXg , the t-PA analogue of the invention may be any vector which may convenient ly be 
uScted to recTmCa^t DNA procedures, and the choice of vector « f^fvector 

which it is to be introduced. Thus, the vector may be an autonomously repl.cat.ng vector, ,.e. a vector a 
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which exists as an extrachromosomal entity, the replication of which is independent of chromosomal 
replication, e.g. a plasmid. Alternatively, the vector may be one which, when introduced into a host eel!, is 
integrated into the host cell genome and replicated together with the chromosome(s) into which it has been 
integrated. 

In the vector, the DNA sequence encoding the t-PA analogue of the invention should be operabiy connected 5 
to a suitable promoter sequence. The promoter may be any DNA sequence which shows transcriptional 
activity in the host cell of choice and may be derived from genes encoding proteins either homologous or 
heterologous to the host cell. Examples of suitable promoters for directing the transcription of the DNA 
encoding the t-PA analogue of the invention are the SV 40 promoter (Subramani et ai„ Mol. Ceil Biol. 1, 1981, 
pp. 854-864), the MT-1 (metallothionein gene) promoter (Palmiter et al., Science 222 , 1983, pp. 809-814) or the 10 
adenovirus 2 major late promoter. 

The DNA sequence encoding the t-PA analogue of the invention should also be operabiy connected to a 
suitable transcriptional terminator, such as the human growth hormone gene terminator (Palmiter et a!., 
op.cit.). The vector should further comprise elements such as polyadenyfation signals (e.g. from SV 40 or the 
adenovirus 5 Elb region), transcriptional enhancer sequences (e.g. the SV 40 enhancer) and translational 15 
enhancer sequences (e.g. the ones encoding adenovirus VA RNAs). 

The recombinant expression vector of the invention further comprises a DNA sequence enabling the vector 
to replicate in the host cell in question. An examples of such a sequence (when the host cell is a mammalian 
cell) is the SV 40 origin of replication. The vector may also comprise a selectable marker, e.g. a gene the 
product of which complements a defect in the host cell, such as the gene coding for dihydrofolate reductase 20 
(DHFR) or one which confers resistance to a drug, e.g. neomycin, hygromycin or methotrexate. 

The procedures used to ligate the DNA sequences coding for the t-PA analogue of the invention, the 
promoter and the terminator, respectively, and to insert them into suitable vectors containing the information 
necessary for replication, are well known to persons skilled in the art (cf M for instance, Maniatis et al., op.crt. ). 

In a still further aspect, the present invention relates to a host cell transformed or transfected with the 25 
recombinant expression vector described above. In the present context, the term 'transformed" is used when 
the vector is a plasmid vector functional in a bacterial, yeast or fun gal cell, while the term "transfected" is used 
when the vector is a viral vector, I.e. one containing a viral origin of replication. 

The invention also relates to a method of preparing a t-PA analogue in inactivated one-chain form ; the 
method comprising 30 

(a) modifying a DNA sequence encoding native t-PA by replacing a codon specifying a positively 
charged amino acid in position 419 of native t-PA by a negatively charged or uncharged amino acid, 

(b) inserting the DNA sequence prepared In step (a) into a suitable replicable expression vector, 

(c) transforming or transfecting a suitable host cell with the expression vector prepared In step (b), and 

(d) growing the transformed host cell in a suitable growth medium under conditions conducive to the 35 
expression of the t-PA analogue, and recovering the analogue from the culture. 

Optionally, a codon specifying a positively charged amino acid in position 420 of the native protein may 
additionally be replaced by a codon specifying a negatively charged or uncharged/neutral amino acid in step 
(a) of the method of the invention. 

Alternatively, the t-PA analogue may be prepared by producing authentic t-PA by recombinant DNA 40 

-techniquesas-described above and-subjecting4he-t-PA produced -to-suitable -chemicaJ-treatment-to.convert.it . 

to the t-PA analogue of the invention. 

The host cell may be any cell which is capable of producing t-PA, and is typically a mammalian cell. Examples 
of suitable mammalian cell lines are the COS (ATCC CRL 1650), BHK (ATCC CRL 1632, ATCC CCL 10) or CHO 
(ATCC CCL 61) cell lines. Methods of transfecting mammalian cells and expressing DNA sequences 45 
introduced in the cells are described in e.g. Kaufman and Sharp, J. Mol. Biol. 159 , 1982. pp. 601-621 ; Southern 
and Berg, J. Mol. Appl. Genet. 1 , 1982, pp. 327-341; Loyter et al., Proc. Natl. Acad. Sci. USA 79, 1982, 
pp. 422-426; Wlgler et al., Cell 14, 1978, p. 725; Corsaro and Pearson, Somatic Cell Genetics 7 , 1981, p. 603, 
Graham and van der Eb, Virology 52, 1973, p. 456; and Neumann et ai., EMBO J. 1, 1982, pp. 841-845. The 
medium used to cultivate the cells may be any conventional medium suitable for growing mammalian cells, 50 
such as a serum-containing or serum-free medium containing appropriate supplements. Suitable media are 
available from commercial suppliers or may be prepared according to published recipes (e.g. catalogues of the 
American Type Culture Collection), 

The t-PA analogue produced by the cells will typically be secreted into the growth medium and may be 
recovered from the medium by conventional procedures including separating the host cells from the medium 55 
by centrifugation or filtration, precipitating the proteinaceous components of the supernatant or filtrate by 
means of a salt, e.g. ammonium sulphate, followed by purification by a variety of chromatographic procedures, 
e.g. ion exchange chromatography, affinity chromatography, or the like. 

In a yet further aspect, the present invention relates to a pharmaceutical composition which comprises a 
t-PA analogue of the invention and a pharmaceutically acceptable diluent or vehicle. Before use, the t-PA 60 
analogue may be stored in dry, e.g. lyophilized, form and be formulated for parenteral administration (e.g. for 
injection or infusion) by being dissolved or suspended in an appropriate liquid vehicle such as sterile isotonic 
saline. The dosage of the t-PA analogue to be administered is expected to be in the same range as that 
employed for other t-PA-containlng compositions, i.e. about 10-200 mg. 

The invention also relates to the use of a t-PA analogue of the invention for the preparation of a medicament 65 
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for the treatment of diseases or disorders associated with the formation of thrombi in blood vessels. Examples 
of such diseases or disorders are infarctions, thrombosis and embolism. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 The invention is further described with reference to the drawings in which 

Fig. 1 A-C shows the step-wise construction of plasmids pt-PABam and pt-PA-937, 
Fig. 2 shows the construction of plasmid pt-PA-[K419S,H420T] (formerly pBoel-1079) from plasmid 
pt-PABam and pt-PA-937 and the synthetic oligonucleotide NOR 518, 
Fig. 3 shows the construction of plasmid pt-PA[K419S] from plasmids pt-PABam and pt-PA-937 and 
10 the synthetic oligonucleotide NOR 517, 

Fig. 4 shows the construction of plasmid pt-PA[C87S,K419S] from plasmids Zem99-9200 and 

pt-PA[K419S]. _p . , * da 

Fig 5 A-D shows the DNA sequence together with the encoded amino acid sequence of a 1.78 kd t-ka 
BamHI fragment of plasmid pt-PABam; the 5' and 3' synthetic adapters are indicated with horizontal 
75 arrows, and the nucleotide substitutions leading to the amino acid substitutions C87S, K419S.H420T, and 

K419S are indicated below the wild-type amino acid sequence. 

Fig 6 A and B shows the amidolytic activity of authentic t-PA and t-PA[K419S,H420T] before and after 
plasmin cleavage (A denotes native one-chain t-PA, o denotes native two-chain t-PA, ▲ denotes 
one-chain t-PA[K419S,H420T], • denotes two-chain t-PA[K419S,H420T], and □ denotes one-chain 
20 t-PA[K419S,H420T] in the presence of 100 u.M transaminomethyl cyclohexane 1-carboxylic acid) 

Fig. 7 shows the neutralization of a-antipiasmin activity induced by authentic t-PA and 
t-PA[K419S H420T] in human plasma (A denotes authentic t-PA, and o denotes t-PA [K419S.H420T]), and 
Fig. 8 shows the thrombolytic effect of authentic t-PA (•) and t-PA[K419S,H420T] (o) measured by 
means of an artery-venous shunt in anesthetized rabbits. 
25 The invention is further described in the following examples which are not in any way intended to limit the 
scope or spirit of the invention as claimed. 

Example 1 

30 I. Construction of a Full-Length t-PA cDNA Clone. 

The sequence of a native human t-PA cDNA clone has previously been reported (Pennica et aJ., Nature 301 : 
214-221, 1983). The sequence encodes a pre-pro peptide of 32-35 amino acids followed by a 527-530 amino 
acid mature protein. . 
A cDNA clone comprising the coding sequence for mature t- PA was constructed using mRNA from the 

35 Bowes melanoma ceil line (Rijken and Collen, J. Biol. Chem. 226: 7035 - 7041. 1981) as the starting material 
This cDNA was then used to construct the plasmid pDR1296. Escherichia coli strain JM83 transformed with 
pDR1296 was deposited on 10th December 1985 in the American Type Culture Collection, Rockville, Maryland, 
USA. with the Accession No. 53347. . 
T he coding regi on for the complete t-PA pre-pro sequence was not present in the isolated cDNA clone 

40 pDR1296 and the DNA encoding this region was therefore constructedfrom synthetic oligodeoxynbonucfeo- 
tides and subsequently ligated as an adapter to the cloned cDNA. In this synthetic adapter, cleavage sites for 
BamHI EcoRI and Ncol were introduced immediately 5' to the first codon (ATG) of the pre-pro sequence. The 
naturallyoccurring pre-pro sequence lacks a convenient restriction site near the middle, for which reason the 
sequence GGAGCA (coding for amino acids 20 and 19, Gly-Ala) was altered to GGCGCC to provide a Narl site 

45 without changing the amino acid sequence. u . -.. nM . „, 

Likewise the 3* end of the cloned t-PA cDNA was joined to an adapter sequence (with a BamHI site at me J 
end) made up of synthetic oligodeoxyribonucleotides. Synthesis of all oligonucleotides was performed on an 
Applied Bio-systems Model 380-A DNA synthesizer using phosphoramidite chemistry on a contro led pore 
glass support (Beaucage and Caruthers, Tetrahedron Letters ^: 1859-1869, 1981). The following 8 

50 oligonucleotides were synthesized: 

5 1 adapter: 

I : GATCCGAATTCCACCATGGATGCAATGAAGAGAGGGCTCTGCTG 

55 

44- mer 

1 1 : TGTGCTGCTGCTGTGTGGCGCCGTCTTCGTTTCGCCCAGCCAGGA 

45- mer 

60 



65 
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III: AATCCATGCCCGATTCAG AAGAGGAGCCA 
29-mer 

IV ; GATCTGGCTCCTCTTCTGAATCGGGCATGGATTTCCTGGCTGG $ 
43-mer 

V : GCGAAACGAAGACGGCGCCACACAGCAGCAGCACACAGCAGAGCCC 

46-mer f w 

VI : TCTCTTCATTGCATCCATGGTGGAATTCG 
29-mer 

15 

3' adapter: 

VI I : GATCCGATAAGCTCTAGTCG ACCTGCAGCCCAAGCTCG 

38-mer 20 
VIII : GATCCGAGCTTGGGCTGCAGGTCGACTAGAGCTTATCG 

38-mer 

20 pmol of each of the corresponding pairs A - D of S'-phosphorylated oligonucleotides (A: I and VI; 8: 11 and 25 
V; C: III and IV; D: VII and VIII) were heated for 5 min. at 90° C followed by cooling to room temperature over a 
period of 75 minutes. Pairs A, B and C (5' adapter) were mixed and treated with T4 DNA ligase, and the ligated 
synthetic adapter was isolated as a 120 bp fragment after electrophoresis of the ligation mixture on a 2 0/0 
agarose gel. This 5' BamHI/Xholl adapter was ligated to the 5' 1.23 kb Xholl/Sacl fragment of the t-PA cDNA 
from plasmid pDR1296; the ligation products were separated on a 1 0/0 agarose gel and a 1.35 kb fragment was 30 
eiuted and cloned in a Bam HI/SacI digested pUC19 vector to generate plasmid pt-PA5'. Restriction enzyme 
digestions with Bcjlll on isolated plasmids were used to Identify correct DNA constructs. Correct ligation of the 
two Xholl sites generated a BgJII site at the junction between the 5' 120 bp adapter and the 5' 1.23 kb t-PA 
fragment. 

The 3' 0.39 kb Sacl/Xholl t-PA fragment from the t-PA cDNA clone pDR1296 was ligated to oligonucleotide 35 
pair D t and the ligation products were separated on a 5 0/0 polyacrylamide gel. A 0.43 kb fragment was eiuted 
and cloned in a Bam HI/SacI digested pUC19 vector to generate plasmid pt-PA3'. Restriction enzyme 
digestions on isolated plasmids were used to identify correct DNA constructs. 

Finally the full-length prepro-t-PA cDNA with its 5' and 3' flanking synthetic adapters was assembled by 
ligation of the 1 .35 kb 5' t-PA fragment from pt-PA5' and the 0.43 kb t-PA fragment from pt-PA3' with a Bam HI 40 
^digested and alkaline phosphatase-4reatedpUG43-vector-to produce plasmid pt-PABam. The sequence oMhe- — 
resulting 1 .78 kb t-PA Bam HI fragment in ptPABam is shown in figure 6. The DNA sequence of the prepro-t-PA 
cDNA was confirmed by subcloning and sequencing of DNA fragments in M13 vectors. In figure 2 all synthetic 
DNA (5' and 3' adapter fragments) is indicated with horizontal arrows. 

45 

II. Mutation of t-PA cDNA to substitute Ser for Lys in position 419 and Thr for His in position 420. 

From ptPABam a 0.43 kb Sacl/BamHI fragment, which contained the 3' end of the t-PA cDNA was isolated. It 
was ligated to a Sacl/ Bam HI digested GEM3 vector (Promega Biotec), and the resulting plasmid pt-PA-937 
was used in mutagenesis experiments in E. coli as described by Morinaga, Y., et aJ (BIO/TECHNOLOGY, 2: 
636 - 639, .1984). Two mutagenic oligonucleotides, the 31'mer (NOR 518): 50 
5'(AGACAAGGCCTCAGTACTGCCGTAGCCGGAG)3' 
and the 31'mer (NOR 517): 

5'(AGACAAGGCCTCATGGGAGCCGTAGCCGGAG)3' 

were used. NOR 518 has four mismatches to human wild-type t-PA cDNA in the region encoding the amino 
acid sequence Ser-Gly-Tyr-Gly-Lys-His-Glu-Ala-Leu-Ser (residues no. 447 - 456 of the t-PA precursor). After 55 
in vitro mutagenesis the sequence reads Ser-Gly-Tyr-Gly-Ser-Thr-Glu-Ala-Leu-Ser, and a mutation Lys-His to 
Ser-Thr has been made (K419S, H420T). This mutation creates a new Seal restriction site in the cDNA 
sequence. NOR 517 has three mismatches to human wild type t-PA cDNA in the region encoding the amino 
acid sequence Ser-Gly-Tyr-Gly-Lys-His-Glu-Ala-Leu-Ser (residues no. 447 - 456 of the t-PA precursor). After 
in vitro mutagenesis the sequence reads Ser-Gly-Tyr-Gly-Ser-His-Gly-Ala-Leu-Ser, and a mutation Lys to Ser 60 
has been made (K419S). 

The mutant genotypes were identified by colony hybridizations with 32 P labelled mutagenic oligonucleotides 
NOR 518 and NOR 517, and positive clones were sequenced to verify the mutations. 

From the resulting mutant plasmids: pt-PA-937[K419S,H420T] and pt-PA-937[K419S], the 0.43 kb 
Sacl/ Bam HI fragments were isolated and ligated to the 5' end of human t-PA cDNA (as a gel-purified 1 .35 kb 65 



7 



BMSDOCID: <£P 0351246A2> 



EP 0 351 246 A2 

BamHI/Sad fragment' from pt-PABam) in the BamHI digested ^pfnttlS 
(deicribidin DK patent application No. 3023/88). Two 6.6 kb plasmids pt-PA[K419S.H420T] and pt-PA[K419Sl 
with the mutant t-PA cDNAs inserted In the correct orientation, were identified by restriction enzyme 

5 ^e 5' end of the t-PA mutant 9200 (described in OK patent application No. 3023/88) was isolated as a 
BamHI/Sad fragment from the plasmid Zem99-9200 described therein, and llgated to the 0.43 ^kb Sac^/§amHI 
ffiimenTTrom pt-PA-937[K419S] in BamHI digested Zem219b to generate P"«CTO.K419S ). From th s 
construction a t-PA mutant may be produced, in which the longer half-life of the t-PA mu- tant 9200 is 
combined with, the low fibrinogenolytic activity of t-PA[K419S]. 

10 

III. Expression of mutant t-PA cDNAs in mammalian cells, ...... . .« »««-»«i<» 

For expression of mutant t-PA in cultured BHK cells (Syrian Hamster, thymidine kinase mutant line tJcttW. 
Waechter arid Baserga. Proc. Natl. Acad. Sci. USA. 79: 1106 - 1110, 1982. American Type Culture Collection 
CRL 1632) expression vectors pt-pA[K419S.H420Tl,Tt-pA[C87S,K419SJ and pt-PA[K419SJ were introduced 
15 in three separate experiments into cells by the calcium phosphate-mediated transfe ction procedure Graham 
and Van der Eb. Virology, 52: 456 - 467, 1973). 48 hrs after transfection. cells were trypsimzed and diluted into 
medium containing 400 methotrexate (MTX). After 10 to 12 days, individual colonies from each of the three 
experiments were cloned out and expanded separately. Screening for t-PA mutant production was done by an 
enzyme-iinked immunosorbent assay (EUSA) with monoclonal antibodies against wild-type human t-PA. 



iv PHrifir-atinn of t-PA analo gues from cell culture supernatants. ,,,,wr, j 

The human one-chain tissue plasminogen activator analogue s t-PA[K419S]. t-PA[K419S H420T) and 
t-PA[C87S.K419S] were purified from the cell culture supernatants by immunoaffinity c ;hromrtography ^as 
previously described (Petersen. LC, Johannessen. M. t Foster D.. Kumar. A. and Mulvihill, E. (1988). 

25 Biochim.Biophys.Acta. 952. 245-254). The specific activity was determined by the fibrirv clot lysis ^assay 
(Gaffney, P J , TemplernanTJ.. Curtis, A.D. and Campbell, PJ. (1983). Thromb. HaemostasSO. 650-651). A value 
of 60 IU/iig was obtained for the one-chain form. This Increased to 320 IU/|ig when it was converted Into the 
two-chain form by incubation with 8.8 nM plasmin for 30 minutes. The protein ^"^^^^^ 
by EUSA. and the clot lysis activity was calibrated against an international reference t-PA W/517 ob tone d from 

30 Dr. P.J. Gaffney (National Institute of Biological Standards and Control. London UK) The , punfied t-PA 
analogues contained less than 2<W> of the two-chain form as judged from reduced SOS-PAGE .Authentic 
human recombinant t-PA expressed by BHK cells was purified by a similar procedure and used for 
comparison. 

35 Example 2 

Functional properties of Lvs419 substitution analogues 

l^lntrinsic-activitv~otone : chain-Lvs4.19-.siibst| tutlon analogues v^s^atsrsm^^-«ai- 

40 The catalytic activity of one^n t-PA analogues was studied with ■ oWwiwgenw pe rtKta «* 
with plasminogen. The chromogenic substrates lle-Pro-Arg-pNA (S 2288). and Val Phe-Lys-pNA (S 2390) and 
human fibrinogen and plasmin were obtained from Kabi (Stockholm. Sweden). Human Lys 77 -plasrt^nogen was 
purified as previously described (Thorsen. S.. Clemmensen, I.. Sottrup-Jensen. L and Magnusson S_ (198 ). 
Btochim.Biophys^cL 668. 377-387). Thrombin was obtained from Leo Pharmaceutical Products I Baleru* 
45 Denmark,. rWamidolyt^c^ 

t-PA. 1 uM aprotinin. 0.6 mM S2288, 0.1 M Nad, 0.05 M Trls CI, 0.01<Vb Tween 80 pH 7 4, 25 a The infrinslc 
activity ^authentic one-chain t-PA with this substrate amounted to about 25<Vb of the two-chain activrt* 
whereas the activity of t-PA[K419S, H420T] was about 10-fold lower. Incubation with 6 " M P^ n J°'^ 
minutes resulted™ full conversion of both proteins into their two-chain ^^^^^^ 
50 activity also with t-PA[K419S.H420T]. The results indicated that the one-chain t-PA K419S H420T] Possessed 
at most afew percent of the activity of its two-chain counterpart, .t could not * "^JE^ 
fully or in part explained by two-chain contamination. In any case, one-chain t-P A"<419S H420T1 was far less 
active with this substrate than authentic one-chain t-PA. This was also true or the *«W^*f^ 
substrate, plasminogen, in. the absence of fibrin (results not shown). Similar results were obtained with 

described (Petersen et al.. Biochlm.Blophys.Acta 952, 245-254. 1988). The reaction mixture contains I O06 nM 
t-PA. 0.2 nM Lys"-plasminogen, 0.6 mM S2390. 0.15 uM fibrinogen. 0.1 NIHU/ml thrombin. Ul^ntam 
Other conditions were as described above. The activity wrth one-chain a ^oSlTpA?K 
eo from that of the two-chain form. Also the plasminogen activation with two-chain t-PA(K419S,H420T] 
P?o«ededata^ 

decreased, although the major effect might well be caused by a delay in the lag phase before the maximum 
stimulation of plasminogen activation (maximum slope of the progress curve) was reached. 

65 
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II. Fibrinogenotytic and thrombolytic activity of t-PA[K419S,H420T] 

The plasminogen activation in plasma induced by authentic t-PA and t-PA[K419S,H420T] was tested by 
measuring the decrease in antipiasmin activity. This parameter is an indication of the systemic effects 
expected due to piasmin generation in the absence of a fibrin ciot. Human citrate plasma was incubated for 3 
hours with various amounts of t-PA as indicated. Then the plasma was diluted 10-fold in buffer containing 200 5 
u.M trans-4-(aminomethyl)cyclohexane-1-carboxylic acid and analysed for <X2-antip!asmin activity. The piasmin 
inhibition capacity of a plasma control without t-PA was set to 100%. The results show (Fig. 7) that 
non-specific piasmin generation with authentic t-PA was obtained at a much lower dose than with 
t-PA[K419S,H420T]. A 50<Vo decrease in antipiasmin over 3 hrs was observed with 1.9 jig/mi t-PA whereas a 
similar decrease was only observed with 7.5 u.g/mi t-PA-1079. This indicates that systemic, fibrinogenolytic 10 
effects caused by Lys419 substitution analogues are much less pronounced than with authentic t-PA. 

The fibrinolytic efficiency in vivo was tested in a rabbit model with an external shunt from the carotid artery to 
the jugular vein. A pre-formed 1 2S l-fibrinogen-containing whole blood thrombus was placed in the shunt and 
t-PA infusion was initiated. Various amounts of t-PA per kg body weight was infused via an ear vein over one 
hour and the 1 "(-fibrinogen content of the thrombus was monitored with a gamma-counter. As shown in Fig. 8 15 
the t-PA(K419S,H420T] analogue was as efficient as authentic t-PA in dissolving the thrombus. 

The features disclosed in the foregoing description; in the following Claims and/or in the accompanying 
drawings may, both separately and in any combination thereof, be material for realising the invention In diverse 
forms thereof. 

■ 20 



Claims 



1 . A tissue plasminogen activator (t-PA) analogue in substantially inactivated one-chain form capable of 
being converted to the active two-chain form, which analogue is modified in the region from position 414 25 
to position 41 9 or from position 41 9 to position 426 or from position 426 to position 433. 

2. A t-PA analogue according to claim 1, in which the interaction of a positively charged amino acid 
residue in position 419 and optionally also in position 420 with a negatively charged amino acid residue in 
position 480 is inhibited. 

3. A t-PA analogue according to claim 1 or 2 which has no positively charged amino acid residue in 30 
position 419. 

4. A t-PA analogue according to claim 3, wherein the positively charged amino acid residue in position 

41 9 has been replaced by a negatively charged or uncharged amino acid residue. 

5. A t-PA analogue according to claim 4, wherein Lys(419) of native t-PA has been replaced by an amino 

acid residue selected from the group consisting of Ser. Thr, Glu, Val, Ala t Leu, He, Tyr, Asn, Asp and Gin. 35 

6. A t-PA analgue according to claim 2, which is further modified in position 420. 

7. A t-PA analogue according to claim 6, wherein the positively charged amino acid residue in position 

420 has been replaced by a negatively charged or uncharged amino acid residue. 

8. A t-PA analogue according to claim 7, wherein His(420) of native t-PA has been replaced by an amino 

acid residue selected from the group consisting of Ser, Thr, Glu, Val, Ala, Leu, He, Tyr, Asn, Asp and Gin. 40 

9. A t-PA analogu e accordin g to any of claims 1-8, which additionally comprises a mo dification in the 

A-chain. 

10. A t-PA analogue according to claim 9, which additionally is modified in or lacks the growth factor 
sequence. 

1 1 . A t-PA analogue according to claim 9, which additionally is modified in the finger domain. 45 

1 2. A t-PA analogue according to claim 9, which additionally lacks kringle 1 . 

13. A t-PA analogue according to claim 9, which additionally lacks the finger and growth factor 
sequences. 

14. A t-PA analogue according to claim 9 t wherein kringle 1 has additionally been replaced by kringle 1 of 
plasminogen. 50 

15. A DNA construct which comprises a DNA sequence encoding a t-PA analogue which is modified in 
the region from position 414 to position 419 or from position 419 to position 426 or from position 426 to 
position 433. 

16. A DNA construct according to claim 15, wherein a codon specifying a positively charged amino acid 

in position 419 of the t-PA analogue encoded by the DNA sequence has been replaced by another codon 55 
specifying a negatively charged or uncharged amino acid. 

17. A DNA construct according to claim 16, wherein a codon specifying a positively charged amino acid 
in position 420 of the t-PA analogue encoded by the DNA sequence has additionally been replaced by 
another codon specifying a negatively charged or uncharged amino acid. 

18. A DNA construct according to claim 16 or 17, which has a DNA sequence substantially as shown in 60 
Fig. 2 appended hereto, or a suitable modification thereof. 

19. A recombinant expression vector which carries an inserted DNA construct according to any of 
claims 15-18. 

20. A host cell which is transformed or transfected with the expression vector according to claim 19, 

21 . A pharmaceutical composition which comprises a t-PA analogue according to any of claims 1-14 and 65 
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a pharmaceutical^ acceptable diluent or vehicle. 

22. A t-pA analogue according to any of claims 1-14 for the treatment of diseases or disorders 
associated with the formation of thrombi in blood vessels. 

23. Use of a t-PA analogue according to any of claims 1-14 for the preparation of a medicament for the 
treatment of diseases or disorders associated with the formation of thrombi In blood vessels. 

24. A method of preparing a t-PA analogue in inactivated one-chain form, the method comprising 

(a) modifying a DNA sequence encoding native t-PA by replacing a codon specifying a positively 
charged amino acid in position 419 of native t-PA by a negatively charged or uncharged amino acid, 

(b) inserting the DNA sequence prepared in step (a) into a suitable replicable expression vector, 

(c) transforming or transfecting a suitable host cell with the expression vector prepared in step 
(b),and 

(d) growing the transformed host cell in a suitable growth medium under conditions conducive to 
the expression of the t-PA analogue, and recovering the analogue from the culture. 

25. A method according to claim 24 wherein, in step (a) of the method, a codon specifying a positively 
75 charged amino acid in position 420 of native t-PA is replaced by a codon specifying a negatively charged 

or uncharged amino acid. 



10 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 



10 



EP 0 351 246 A2 
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Fig. 1B 
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Fig. 1C 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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BamHI EcoRI Ncol 
1 GGATCCGAATTCCACCATGGATGCAATGAAGAGAGGGCTCTGCTGTGT 

MDAMKRGLCCV 
| >Synthetic 5' adaptor 

Narl 

49 GCTGCTGCTGTGTGGCGCCGTCTTCGTTTCGCCCAGCCAGGAAATCCA 
LLL CGAVFVSPSQEIH 



Bglll 

97 TGCCCGATTCAGAAGAGGAGCCAGATCTTACCAAGTGATCTGCAGAGA 
ARFRRGARS YQVI CRD 
Synthetic 5 1 adaptor < 1 

145 TGAAAAAACGCAGATGATATACCAGCAACATCAGTCATGGCTGCGCCC 
EKTQMIYQQHQSWLRP 



193 TGTGCTCAGAAGCAACCGGGTGG AATATTGCTGGTGCAACAGTGGCAG 
VLRSNRVEYCWCNSGR 



241 GGCACAGTGCCACTCAGTGCCTGTCAAAAGTTGCAGCGAGCCAAGGTG 
AQCHSVPV KSCSE PRC 



289 TTTCAACGGGGGCACCTGCCAGCAGGCCCTGTACTTCTCAGATTTCGT 
FNGGT CQQALYFS DFV 



337 GTGCCAGTGCCCCGAAGGATTTGCTGGGAAGTGCTGTGAAATAG ATAC 
CQCPEGP-AGKCCEIDT 

Clal 

t-PA C87S # K419S: AGT C 

S 



385 CAGGGCCACGTGCTACGAGGACCAGGGCATCAGCTACAGGGGCACGTG 
RATCYEDQGISYRGTW 



433 GAGC ACAGCGGAGAGTGGCGCCGAGTGCACCAACTGGAACAGCAGCGC 
STAESGAECTNWNSSA 



4 81 GTTGGCCCAGAAGCCCTACAGCGGGCGGAGGCCAGACGCCATCAGGCT 
LAQKPYSGRRPDAIRL 
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529 GGGCCTGGGGAACCACAACTACTGCAGAAACCCAGATAGAGACTCAAA 
GLGNHNYCRNPDRDSK 



57 7 GCCCTGGTGCTACGTCTTTAAGGCGGGGAAGTACAGCTCAGAGTTCTG 
PWCYVFKAGKYSSEFC 



625 CAGCACCCCTGCCTGCTCTGAGGGAAACAGTGACTGCTACTTTGGGAA 
STPACSEGNS DCYFGN 



67 3 TGGGTCAGCCTACCGTGGCACGCACAGCCTCACCGAGTCGGGTGCCTC 
GSAYRGTHSLTESGAS 



721 CTGCCTCCCGTGGAATTCCATGATCCTGATAGGCAAGGTTTACACAGC 
CLPWNSM ILIGKVYTA 



769 ACAG AACCCCAGTGCCCAGGCACTGGGCCTGGGCAAACATAATTACTG 
QNPS AQALGLGKHNYC 



817 CCGGAATCCTGATGGGGATGCCAAGCCCTGGTGCCACGTGCTG AAGAA 
RNPD GDAKPWCHVLKN 



865 CCGCAGGCTGACGTGGGAGTACTGTGATGTGCCCTCCTGCTCCACCTG 
RRLTWEYCDVPSCSTC 



913 CGGCCTGAGACAGTACAGCCAGCCTCAGTTTCGCATCAAAGGAGGGCT 
GLRQYSQPQFRIKGGL 



961 • CTTCGCCGACATCGCCTCCCACCCCTGGCAGGCTGCCATCTTTGCCAA 
FADIASHPWQAAI FAK 



1009 GCACAGGAGGTCGCCCGGAGAGCGGTTCCTGTGCGGGGGCATACTCAT 
HRR SPGER FLCGGILI 



Fig. 5B 



EP 0 351 246 A2 

1057 CAGCTCCTGCTGGATTCTCTCTGCCGCCCACTGCTTCCAGGAGAGGTT 
SSCWI LSAAHCFQERF 



1105 TCCGCCCCACC ACCTGACGGTG ATCTTGGGCAGAACATACCGGGTGGT 
P PHHLT V I LGR TYRVV 



1153 CCCTGGCGAGGAGGAGCAGAAATTTGAAGTCGAAAAATACATTGTCC A 
PGEEEQKFEVEKYIVH 



1201 TAAGGAATTCGATGATGACACTTACGACAATGACATTGCGCTGCTGCA 
KEFDDDTYDNDIALLQ 



1249 GCTGAAATCGGATTCGTCCCGCTGTGCCCAGGAGAGCAGCGTGGTCCG 
LKSDSSRCAQESSVVR 



1297 CACTGTGTGCCTTCCCCCGGCGGACCTGCAGCTGCCGGACTGGACGGA 
TVCL PPADLQLPDWTE 



Sad 

1345 GTGTGAGCTCTCCGGCTACGGCAAGCATGAGGCCTTGTCTCCTTTCTA 
CELSGYGKHEALSPFY 

Seal 

t-PA K419S,H420T: AGTACT 

S T 

t-PA K4T9S : TCC 

S 

t-PA C87S,K419S: TCC 

S 



1393 TTCGGAGCGGCTGAAGGAGGCTCATGTCAGACTGTACCCATCCAGCCG 
SERLKEAHVRLYPSSR 



1441 CTGCACATC AC AACATTTACTTAAC AGAACAGTCACCGACAACATGCT 
CTSQHLLNRTVTDNML 



1489 GTGTGCTGGAG ACACTCGG AGCGGCGGGCCCCAGGCAAACTTGCACGA 
CAGDTRSGGPQANLHD 



1537 CGCCTGCCAGGGCGATTCGGGAGGCCCCCTGGTGTGTCTGAACG ATGG 
ACQGDSGGPLVCLNDG 



Fig. 5C 
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1585 CCGCATGACTTTGGTGGGCATCATCAGCTGGGGCCTGGGCTGTGGACA 1632 
RMTLVGI ISWGLGCGQ 



1633 GAAGGATGTCCCGGGTGTGTACACAAAGGTTACCAACTACCTAGACTG 1680 
KDVPGVYTKVT RYLDW 



1681 GATTCGTGACAACATGCGACCGTGACCAGGAACACCCGACTCCTCAAA 1728 
I R D H M R P End 

Sail PstI BamHI 
1729 AGCAAATGAGATCCGATAAGCTCTAGTCGACCTGCAGCCCAAGCTCGG 1776 
^ synthetic 3' adaptor 



1777 ATCC 1780 
< 1 
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Fig. 6A 
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Fig. 7 
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